Introduction
Birthweight is a major indicator of nutritional status at birth that, together with other intrauterine conditions, helps set the scene for future child growth and development. Several longitudinal studies have shown that birthweight is positively associated with adult height in low-and middle-income countries (LMICs), even adjusting for socioeconomic factors. [1] [2] [3] [4] Birthweight is also predictive of infant mortality, 5 cardiovascular risk, 6 blood lipid concentrations, 7 and a number of behavioral and cognitive outcomes. [8] [9] [10] After birth, infant and childhood nutritional intake, socioeconomic status (SES), and various other factors influence a child's growth and development trajectories, but birthweight is a major indicator of to what extent a child may be off to a good start or what ground must be covered to catch up with average-birthweight children growing at an average pace.
Maternal birthweight is correlated with infant birthweight, [11] [12] [13] [14] [15] [16] even when the infant is exposed to adverse prenatal conditions. 17 While much of the previous literature on intergenerational body-size relationships has focused on parent-child relationships in European settings, 12, [18] [19] [20] some important studies have examined this topic in LMICs. Using the COHORTS data sets, a set of studies tracking children over time in five LMICs (Brazil, Guatemala, India, the Philippines, and South Africa), 13, 15, [21] [22] [23] [24] [25] [26] a body of work has examined the longitudinal association of maternal height at various points in childhood with infant birthweight, finding a robust, doi: 10.1111/nyas.13455 positive relationship. 21, 22, 27, 28 This work has also found that both maternal and paternal birthweight predicted next-generation birthweight, with a stronger matrilineal than patrilineal association. 21 There is also evidence that interventions during childhood may be associated with nextgeneration anthropometrics. A randomized nutritional intervention during childhood in Guatemala that increased the child body size of female recipients demonstrated a positive association with nextgeneration child anthropometrics. 29 Previous work examining associations across three generations in LMICs is more limited. We conducted a series of literature searches (n = 64) in the Web of Science database on anthropometrics over three generations and found 12 studies, of which eight were from North American or European cohorts, such as the United Kingdom and Sweden. 12, 16, 28 We found only four studies examining the relationships among body size over three generations in LMICs. Two studies in Brazil examined birthweight and size controlling for grandmaternal height and living conditions. 30, 31 One study from Mexico examined living conditions experienced by grandmothers and their associations with grandchild height and leg length. 31 Finally, one study of child-mother-grandmother triads in India suggested that children living with an educated grandmother had higher height-for-age Z-score (HAZ). 32 Beyond parental nutritional status (expressed by their birthweight and linear growth), there is ample literature on further predictors of infant birthweight, including maternal and paternal genetics, demographic and psychosocial factors, gestational events (such as toxic exposures and maternal morbidity), and antenatal care. 33 Risk factors for lowbirthweight infants in developing countries that we can examine in this study include rural residence, 34 low maternal education, 16 low SES, [35] [36] [37] and, for higher birthweight, prepregnancy maternal overweight and obesity. 38 Adolescent motherhood is thought to result not only in greater socioeconomic and other risks for mothers but also in increased risks of adverse outcomes for their children. 23, 26, 35, 36, 39 We examined intergenerational relationships in anthropometrics for children born to this higher-risk population in LMICs. Specifically, this study examines associations between the outcomes of birthweight, birthweight Z-scores (BWZ), conditional weight-for-age Z-scores (cWAZ), and HAZ and the following predictors: adolescent mothers' childhood growth and characteristics (HAZ, BMIZ, cHAZ, cBMIZ, and schooling) and grandmaternal factors (BMIZ, HAZ, age, schooling, and household characteristics), all in four geographically and ethnically diverse populations (Ethiopia, India, Peru, and Vietnam).
Materials and methods
We used data on three generations from the Young Lives study, a longitudinal survey of two cohorts of children from Ethiopia, India (Andhra Pradesh, Telangana), Peru, and Vietnam. The children who represent the third generation (henceforth referred to as "next-generation children") that we analyzed were born to adolescent mothers (henceforth referred to as "the mothers" or "adolescent mothers") from the older cohort of the Young Lives study. The 1802 girls in the older cohort (roughly 500 girls per country) were born in 1994-1995 and were approximately age 19 years in the fourth round of data collection (in 2013). Of those adolescents, 302 (16.8%) had given birth to 343 children (302 mothers total; 41 had two children). Data on child anthropometrics were available for 285 next-generation children (n = 285 for BWZ, n = 253 for cWAZ, and n = 243 for HAZ). There were two children for whom maternal height from ages 8 to 12 was recorded as having declined (by as much as 15 cm); these two observations were dropped from the analysis, leaving us with final sample sizes of n = 283, n = 281, n = 251, and n = 242 for birthweight, BWZ, cWAZ, and HAZ, respectively. Anthropometric, demographic, schooling, and other data were collected at roughly ages 8, 12, 15, and 19 years for the adolescent mothers. Young Lives cohorts were randomly sampled from 20 sentinel sites reflecting a variety of geographic and socioeconomic contexts in each country. Further details on sampling and the Young Lives study are reported elsewhere 40 (and available at www.younglives.org.uk). Trained personnel collected detailed information about adolescent mothers and their households through a structured questionnaire (also available at www.younglives.org.uk). This study received institutional review board (IRB) approval from the University of Pennsylvania. The Young Lives study was approved by the IRB from the University of Oxford and local ethics review boards at each participating country's lead institution.
Anthropometric measures
Next-generation birthweight was confirmed by documentation for 47% of children (enumerators were instructed to record birthweight listed on hospital/health center documentation or vaccine cards and document when this was available; if not available, the enumerator recorded adolescent mothers' reports of birthweights). Child height/length and weight were measured in 2013. Length was measured in children age 0-2 years to 1 mm; height was measured to 1 mm with standardized stadiometers (for simplicity, we refer to both measurements as height). Weight was measured to 100 g using platform scales or clock balances. Adolescent mothers' heights and weights at ages 8, 12, 15 41, 42 Maternal conditional HAZ (cHAZ) for a given period was calculated as the residuals from the regression of HAZ at the end of the period on all HAZ measurements before the period, separately for each country, controlling for age in months. In other words, cHAZ was the residual above or below what was predicted by the adolescent mother's position in the WHO reference distribution at the beginning of the growth period. 27, 43 A positive cHAZ value represented faster than expected growth, and a negative cHAZ value represented slower than expected growth. We constructed cBMIZ with analogous equations. Conditional WAZ was calculated for next-generation children as the residuals from the regression of WAZ in 2013 on BWZ, child sex, and age in 2013, separately by country. We did not consider the conditional HAZ of the next-generation children, because there were not enough nonmissing values for reported birth length (while we could have used BWZ as a proxy for birth length Z-score, we opted not to pursue this approach, since birth length was not sufficiently correlated with birth weight among those who reported values for both). The advantages of examining conditional measures were that they took into account correlations between independent measures over different ages for each child and for a tendency for regression to the mean. Available measurements for heights and weights in 2013 allowed the calculation of cWAZ for 253 next-generation children and HAZ for 243 next-generation children. Grandmaternal adult heights and weights, from which HAZ and BMIZ were calculated (using the WHO reference distributions for age 19 to represent adult heights and BMI), were measured at round 2 (when the adolescent mothers were ß12 years, the only point at which these measures were obtained).
Other measures
Additional child characteristics included child sex, age in months at the time of the 2013 survey (calculated as the difference between the interview month and year and the reported birth year and birth month), and an indicator for whether the birth was primaparous. Antenatal characteristics included indicators for prenatal care received and maternal ratings of their health during pregnancy (indicating "good," of the possibilities good, average, or poor). Adolescent mothers' characteristics included age at child's birth; attending school at round 3 (age ß15 years); maternal pregnancy with child at round 3 when height at that round was measured (this variable was calculated retrospectively from the next-generation child's age in months, in order to control for pregnancy at the time of maternal anthropometric measurement); maternal menarche by round 2 (age ß12 years); adolescent mother was firstborn; and indicators for maternal diet at round 3, including binary indicators for consumption of each of six food groups (grains/roots/tubers, fruits and vegetables, meat/fish, eggs, legumes, and dairy) in the previous 24 hours. Grandmaternal characteristics included age at round 2 of the Young Lives study when the adolescent mothers-to-be were ß8 years old and completed grades of schooling. Household characteristics included a wealth index at round 3 (constructed by the Young Lives team for the full sample of Young Lives children as a composite of access to services, housing quality, and asset ownership, scaled by us to range 0-100) and an indicator for urban location at round 3.
Methods
We constructed a simple conceptual model, shown in Figure 1 . We used ordinary least squares (OLS) regression to estimate reduced-form associations between the outcomes of next-generation birthweight, BWZ, cWAZ, and HAZ and the key independent variables of maternal HAZ at age 8 (our earliest data point), conditional HAZ growth between ages 8 and 15, maternal BMIZ at age 8, and conditional BMIZ growth between ages 8 and 15, and schooling, as well as grandmaternal BMIZ, HAZ, and schooling. We pooled data from the four different countries in all analyses to increase power owing to the low number of observations per country and included binary variables as country indicators. We employed multiple imputation (with the ice command in Stata 13, specifying 15 imputations) in order to utilize all observations with data on the outcome variables of interest in our regressions. 44 We first assessed the unadjusted relationships with these variables with child sex and binary country controls. For the regressions of next-generation HAZ and cWAZ, age in months was also included in unadjusted regressions. We then adjusted for the set of antenatal, maternal, and grandmaternal controls outlined above. Since we had data on two growth periods in the adolescent mothers' childhood, from ages 8-12 and from ages 12-15, in alternative estimates we allowed for two periods of conditional growth, including cHAZ and cBMIZ for these two periods separately. These two periods for some adolescent mothers may represent (1) prepubertal growth and (2) the pubertal growth spurt, while for others (e.g., those with later menarche), these two growth periods may confound premenarchial and pubertal growth. To avoid the pubertal timing issue from potentially confounding estimates, we used the total conditional growth in HAZ and BMIZ from age 8 to 15 in our basic estimates and included a dummy for early menarche.
We also conducted extensive sensitivity analysis. While we included covariates that have demonstrated associations with child anthropometrics in previous literature in the regressions outlined above, some might argue that some maternal characteristics that we included are descendent of the childhood nutritional status of the mother. In order to examine the relationships between maternal childhood nutritional status and next-generation anthropometrics without possibly confounding with downstream effects of childhood nutritional status, we also conducted the regressions listed above but excluded maternal dietary indicators at age 15 years, maternal schooling enrolment at age 15 years, prenatal healthcare received, and self-rated prenatal health.
We further examined OLS regressions of birthweight, BWZ, cWAZ, and next-generation HAZ on alternative measures of child growth, including maternal childhood HAZ and BMIZ levels and changes in growth between measurements (calculated as the simple difference in HAZ between two ages and the difference in BMIZ between the two ages); we looked at these changes from 8-12 and 12-15 separately in one model and the total change from 8 to 15 years in another. We further regressed next-generation child outcomes on maternal heights and BMI levels and changes in heights and BMI between measurements, defined as the simple differences in heights (and BMI) between the two ages (8-12 years, 12-15 years in one model, ages 8-15 years in a separate model).
We also examined whether the lack of birth documentation for about half of the cases might have affected estimates and whether there were differences in the coefficients on maternal growth by whether the adolescent mothers experienced menarche early. First, we interacted the presence of birth documentation with each of the maternal growth variables and tested to see whether these interactions were jointly different from zero. Given the low number of observations to power such an analysis, we also conducted the main analysis on the subset of birthweights for whom documentation was available. Finally, we interacted the early menarche dummy with each of the maternal growth variables and tested whether the coefficient on conditional HAZ growth from age 8 to 12 interacted with early menarche was the same as the coefficient on conditional HAZ growth from age 12 to 15 interacted with early menarche. All the analyses were undertaken in Stata 13.1.
Results
Of the 283 next-generation children in our sample, the mean birthweight was 2942 g; country averages ranged from 2764 g (India) to 3147 g (Ethiopia) ( Table 1) . Nine percent were born to adolescents age 15 or younger. Birthweights were recorded from documentation for about half of the sample overall, ranging from 10.5% in Ethiopia to 66.3% in Peru. Reported birthweights were on average about 140 g higher among those whose birthweight was recorded from documentation (t-test, P < 0.05). Next-generation children with birthweight documentation had adolescent mothers with higher HAZ and height at age 8, greater BMI change from 12 to 15, BMIZ change from 8 to 12 and from 12 to 15, and cBMIZ from 12 to 15 (P < 0.05), compared with the mothers of next-generation children without birthweight documentation. However, there were no differences in adolescent mothers' BMI or BMIZ at age 8, BMIZ change from 8 to 15, BMI change from 8 to 12 or 8 to 15, cBMIZ 8-15 or cBMIZ 8-12 by birthweight documentation availability. There were also no differences in grandmaternal BMIZ by whether the next-generation child had birthweight documentation. Next-generation children with birthweight documentation were also more often from urban areas and from households with higher wealth indices and grandmaternal schooling (t-tests, P < 0.05), but there were no differences by whether the mother was enrolled in school at age 15. Average BWZ for the sample was lower than the WHO reference median value, at -0.80, with country averages ranging from -1.21 (India) to -0.36 (Peru). The age in months of the next-generation children at weight and height measurements in 2013 ranged from 0 to 78 months (median = 11 months). Conditional WAZ ranged from -4.99 to 4.73 for the full sample (with a mean of zero for each country by construction). HAZ in 2013 averages by country ranged from -1.52 (India) to -0.54 (Ethiopia), and the percentages of next-generation children who were stunted (HAZ<-2) ranged from 25.0% (Peru) to 45.3% (India).
Maternal HAZ at age 8 did not predict birthweights or BWZ in adjusted models (Table 2) . However, conditional maternal height growth between 8 and 15 (cHAZ (8-15)) predicted 130 g (P < 0.01, column IV) higher birthweights and predicted 0.31 (P < 0.01, column VIII) higher BWZ in adjusted models. Maternal BMIZ at age 8 predicted higher birthweights in adjusted specifications, with a oneunit higher BMIZ associated with 65-g (P < 0.05, column II) higher birthweights when two growth periods (8-12 versus 12-15) were included, and 79-g (P < 0.05, column IV) higher birthweights in the specification with total cBMIZ from ages 8 to 15 (adjusted). Maternal BMIZ at age 8 in the models of BWZ predicted 0.19 (P < 0.01, column VI) higher BWZ (adjusted) when the growth period was split into two periods (8-12 versus 12-15), and 0.22 (P < 0.01, column VIII) when the combined growth period was considered. Maternal childhood cBMIZ (ages 12-15) predicted 84-g (P < 0.10, column IV) higher birthweights (adjusted). Maternal childhood cBMIZ did not predict higher infant BWZ.
Antenatal and other maternal covariates predictive of next-generation children's birthweights included good maternal health during pregnancy (β = 141, P < 0.05, column II; β = 121, P < 0.10, column IV), received prenatal care during pregnancy (β = 342, P < 0.05, column II; β = 351, P < 0.05, column IV), and mother enrolled in school at age 15 (β = 169, P < 0.05, column II; β = 139, P < 0.10, column IV). Antenatal and other maternal covariates predictive of next-generation BWZ were good maternal prenatal health (β = 0.26, P < 0.10, column VI), maternal prenatal care received (β = 0.82, P < 0.05, column VI; β = 0.85, P < 0.05, column VIII), and mother enrolled in school at age 15 (β = 0.33, P < 0.10, column VI). Predictive grandmaternal covariates for nextgeneration birthweight included grandmaternal schooling attainment (β = 22, P < 0.05, column II; β = 22, P < 0.05, column IV); grandmaternal schooling also predicted BWZ (β = 0.05, P < 0.05, column VI; β = 0.05, P < 0.05, column VIII).
Grandmaternal HAZ and BMIZ were not predictive of grandchild BWZ or birthweights. Covariates not shown were not significant (see Table S1 , online only, for full set of results).
Maternal HAZ at age 8 predicted higher nextgeneration conditional weight growth (cWAZ, Table 3 ) from birth to 2013 (β = 0.21, P < 0.05, column IV). Maternal cHAZ, specifically between ages 12 and 15, predicted next-generation child cWAZ (β = 0.34, P < 0.05, column II; β = 0.41, P < 0.01, column IV), as did maternal cBMIZ, particularly between ages 12 and 15 (β = 0.41, P < 0.01, column II; β = 0.28, P < 0.05, column IV). BMIZ levels at age 8 did not predict cWAZ. Dairy consumption predicted higher cWAZ (β = 0.38, P < 0.10, column II; β = 0.42, P < 0.05, column IV). The only Notes: *** P < 0.01, ** P < 0.05, * P < 0.1. Confidence intervals in brackets. a Models adjusted for infant was firstborn, mother was firstborn child, mother had early menarche, maternal diet indicators from last 24 h at age 15 (whether she ate grains/roots/tubers, fruits and vegetables, meat/fish, eggs, legumes, and dairy), mother pregnant with child at age 15 (at time maternal anthropometrics taken), maternal age at birth, grandmaternal HAZ, BMIZ, and age, urban residence at maternal age 15, and household wealth index at maternal age 15.
other maternal covariate predicting higher cWAZ between birth and 2013 (round 4) was mother's age at birth (β = 0.46, P < 0.10, column II, β = 0.53, P < 0.05, column V). Faster than expected maternal growth in BMIZ or cBMIZ between ages 12 and 15 was associated with higher next-generation HAZ in 2013 (β = 0.54, P < 0.05, column VI). Other maternal predictors of HAZ in 2013 in adjusted models were good selfrated prenatal health (β = 0.64, P < 0.05, column VI; β = 0.62, P < 0.05, column VIII). None of the grandmaternal characteristics were associated with cWAZ or HAZ in 2013 (except for an inverse association between grandmaternal schooling attainment and cWAZ at P < 0.10; Table S1 , online only). Figure 2 provides a summary of findings.
In sensitivity analysis excluding possible downstream effects of child nutritional status, coefficients on the maternal nutritional status variables were slightly attenuated (Tables 4 and 5 ). For example, cHAZ (8-15) for Table 2 shows β = 130, 95% CI 31-228, in column VIII, while for Table 4 , β = 118, 95% CI 22-214, in column VIII.
In other sensitivity analyses, we examined alternative definitions of maternal childhood growth.
Using specifications of growth measured as (1) change in HAZ and BMIZ during the two growth periods and (2) change in height and BMI during the two growth periods, we found that comparatively more of the relationships were significant compared with the aforementioned analyses (Table  6 ). This analysis suggested that the simple associations between maternal childhood growth and nextgeneration children outcomes are quite robust, with the estimates presented in Tables 2 and 3 representing the most conservative estimates, since they remove the issue of correlation in HAZ/BMIZ measures over time. A full set of regression results are available in the online Table S1 .
In robustness analysis examining the possible bias that could be introduced by including children with birthweight that was not documented, we found that the full set of interactions between the dummy of having birthweight documentation with the maternal growth variables was not jointly statistically distinguishable from zero for any of the four outcomes (estimates available upon request). Conducting the analysis on the subset of children for whom birthweight was documented, we found an even more robust relationship (larger Notes: *** P < 0.01, ** P < 0.05, * P < 0.1. Confidence intervals in brackets. a Models adjusted for infant was firstborn, mother was firstborn child, mother had early menarche, mother pregnant with child at age 15 (at time maternal anthropometrics taken), mother enrolled in school at age 15 years, maternal diet indicators from last 24 h at age 15 (whether she ate grains/roots/tubers, fruits and vegetables, meat/fish, eggs, and legumes), prenatal health care received, mother's age at birth, grandmaternal HAZ, BMIZ, schooling, and age, urban residence at maternal age 15, and household wealth index at maternal age 15. in magnitude and more precisely estimated) between the key maternal growth variables and birthweights, suggesting that our full-sample results may represent lower-bound estimates. When early menarche was interacted with each of the maternal growth variables during adolescence, we similarly found that none of the interaction terms with the maternal growth variables were significant, and they were jointly statistically no different from zero (estimates available upon request). Thus, we concluded that biases from differences in the sample by the existence of birth documentation and by pubertal timing were negligible.
Discussion
This study showed that adolescent girls' growth trajectories before pregnancy were associated with the anthropometrics of their children, and, in addition, some third-generation (grandmaternal) characteristics were associated with grandchildren's anthropometrics. We reported robust associations among the key independent variables of maternal cHAZ and cBMIZ (measures of growth velocity in terms of height and BMI, respectively, above or below what would be expected given HAZ and BMIZ at age 8 years) during childhood, grandmaternal BMIZ and HAZ and the outcomes of next-generation child birthweights, BWZ, cWAZ growth (a measure of the growth velocity in terms of weight in the early months of the infant or child's life), and HAZ. Figure 2 provides a visual summary of these findings. It is not clear to what extent such influences are due to genetic components that drive greater-thanexpected growth for both mothers and children, despite the possibility of competition for nutrients resulting from the co-occurrence of pubertal growth and pregnancy or socioeconomic and environmental conditions that may have influenced maternal growth. It has been estimated that genetics may account for about 30% of the variance in birthweight. 45 Previous work on the younger cohort of the Young Lives data showed that parental schooling, household consumption, and mother's height were key correlates with conditional HAZ growth during childhood. 43 Thus, it is likely that both genetic and environmental influences during a mother's childhood drive these findings.
We also examined whether antenatal and maternal factors predicted next-generation children's outcomes. Having good self-rated maternal prenatal health was associated with higher next-generation BWZ and HAZ in 2013, possibly suggesting both Figure 2 . Summary of coefficients from regressions of next-generation birthweight, BWZ, cWAZ, and HAZ. All regressions are adjusted for next-generation child's sex is female, next-generation child's age in months (only for cWAZ and HAZ outcomes), next-generation child was firstborn, mother in school at age 15, maternal diet indicators from last 24 h at age 15 (whether she ate grains/roots/tubers, fruits and vegetables, meat/fish, ate eggs, legumes, and dairy), mother pregnant with child at age 15 (when age 15 anthropometrics were taken), mother had early menarche, mother was firstborn child, grandmaternal HAZ and BAZ, urban residence at age 15, household wealth index at maternal age 15, and country dummies. ***P < 0.05, **P < 0.05, and *P < 0.10.
immediate and persisting effects of better developmental conditions in utero. Maternal diet at age 15 had few significant associations with nextgeneration children's outcomes, with the exception of a positive association between intakes of dairy products and cWAZ (P < 0.01), which has been reported in previous studies. [46] [47] [48] Maternal school enrollments at age 15 years were associated with higher birthweights and BWZ, but not cWAZ or HAZ, consistent with a hypothesis that higher SES is associated with better birth outcomes as reported in the previous literature. 32 It is possible that later measures of schooling (following childbirth) might be associated with later child growth outcomes, such as cWAZ and HAZ; we hope that additional work planned in this area will illuminate this hypothesis.
We found that grandmothers' completed grades of schooling were associated with higher BWZ and birthweights (though not cWAZ or HAZ), consistent with a model of three-generational direct transmission of poverty and educational status in addition to any grandparental effects transmitted indirectly through the included maternal characteristics. Grandmaternal ages were associated with slightly higher birthweights, suggesting that there is no penalty of grandmaternal age on next-generation children.
In the analysis eliminating variables that were possibly determined by childhood nutritional status (i.e., maternal schooling enrollment at age 15 years, maternal prenatal health, prenatal care received, and maternal diet), we found that coefficients on the mothers' childhood growth variables were somewhat attenuated. If these variables were truly determined by childhood nutritional status, we would have expected the coefficients on the maternal growth variables to be underestimated in the models that did include those covariates. Since results remained robust and instead were slightly attenuated, these associations may reflect a relationship that exists regardless of childhood nutritional status.
This study examines growth measures collected longitudinally for adolescent mothers and their associations with next-generation growth within a three-generational framework in a diverse set of four LMICs. Adolescent mothers are of particular interest because of the perceived high risks and the economic, health, and social costs of adolescent motherhood. It is known that births during adolescence are more likely among mothers with lower Notes: *** P < 0.01, ** P < 0.05, * P < 0.1. Confidence intervals in brackets. a Models adjusted for infant was firstborn, mother was firstborn child, mother had early menarche, mother pregnant with child at age 15 (at time maternal anthropometrics were taken), maternal age at birth, grandmaternal HAZ, BMIZ, and age, urban residence at maternal age 15, and household wealth index at maternal age 15. Notes: *** P < 0.01, ** P < 0.05, * P < 0.1. Confidence intervals in brackets. a Models adjusted for infant was firstborn, mother was firstborn child, mother had early menarche, mother pregnant with child at age 15 (at time maternal anthropometrics were taken), mother's age at birth, grandmaternal HAZ, BMIZ, schooling, and age, urban residence at maternal age 15, and household wealth index at maternal age 15. ** ** * *** P < 0.01, ** P < 0.05, * P < 0.1 for the coefficient on the variable listed in the heading of the first column, in a regression of the next-generation child outcomes on the maternal childhood growth variables, according to the definitions listed in the first row. "1" indicates that the coefficient is significant in the regressions with one growth period; "2" indicates that the coefficient is significant in the regression with two growth periods. Coefficients on the maternal childhood growth variables are all >0. All regressions are adjusted for next-generation child sex, age in months (only for cWAZ and HAZ outcomes), whether firstborn, mother was firstborn child, mother had early menarche, mother attended school at age 15, mother pregnant with child at age 15 (when age 15 anthropometrics were taken), maternal diet indicators from last 24 h at age 15 (whether she ate grains/roots/tubers, fruits and vegetables, meat/fish, eggs, legumes, and dairy), maternal prenatal health good, prenatal care received during pregnancy, maternal age at birth, grandmaternal HAZ, BMIZ, age, and years of schooling, urban residence at maternal age 15, household wealth index at maternal age 15, and country dummies.
SES. 23, 26, [35] [36] [37] Children born to teen mothers may be at greater risk of poor infant outcomes at birth 35, 36 and in early childhood, 23, 26 particularly in the case of early adolescence (aged 15 and 16 years) as compared to older ones (in our sample, about 1/3 are age 16 or less at first birth and 2/3 are older than 16). 26, 39 While births occurring to adolescent mothers may not be representative of patterns of growth among the broader population, these results are of considerable interest in themselves because they portray the lasting impact of maternal childhood growth on next-generation growth for this high-risk group. We find some persisting associations between grandmaternal characteristic (age and schooling attainment) and grandchild anthropometrics, even when controlling for maternal anthropometrics, antenatal factors, and household characteristics.
There were several limitations to this study. First, we did not have birthweight data for the mothers of the next-generation children; the earliest observation of anthropometrics for the Young Lives older cohort is at age 8 years. The Young Lives younger cohort might be useful for a study focusing on intergenerational birthweights, since (reported) birthweights were collected, but few of the females in this cohort gave birth by the end of round 5 (presently the final round) of Young Lives collected in 2016 (but not available for this study), at which time the Young Lives younger cohort were age ß15. While there were no concrete plans to follow births of the Young Lives younger cohort at the time of writing this paper, data collection for the next generation would be highly informative for future work in this area. The fifth round of Young Lives data will provide greater numbers of births for the Young Lives older cohort, as its members were around age 22 at round 5, but will still lack data on members' early lives (before age 8 years) and have fewer subjects compared with the Young Lives younger cohort, which is roughly twice the size. Second, birthweight data were self-reported in a number of cases, with documentation available for less than half of our sample. In high-income countries, recall data on birthweights are quite reliable. [49] [50] [51] Evidence on the reliability of recall birthweight data from LMICs is somewhat more mixed, especially since most of the available cross-country studies employing demographic health surveys (DHS) used birthweight data in which the mothers were reporting data on the relative size of their baby, rather than a continuous measure of weight (e.g., very small, small, normal, large, and very large). This assessment based on categories, which was mostly prevalent in the surveys conducted in the 1990s, may have affected the accuracy of low birthweight estimates in the developing world. [52] [53] [54] [55] A more recent assessment of the reliability of birthweight data from DHS underscored that, even when continuous numerical values are available for recalled birthweight (rather than categories of size at birth), there may still be some systematic bias induced by this method as compared with the measures of birthweight reported on health cards. 56 These issues may in turn lead to misclassifications, particularly in the case of babies who are classified as low birthweight. 53, 55, 56 Given that reported birthweight data should be treated with caution, we conducted robustness checks to investigate whether there was any systematic bias between birthweights as measured by maternal recall and health certificates. The results for this check suggest that our estimates may represent a lower bound, since findings were more robust among the subset with documented birthweights.
Third, data on next-generation children's birth month and year were mother-reported and not verified with documentation. While one would expect these data to be relatively reliable, it appeared that some dates may have been reported or recorded incorrectly, as some children's height and weight measurements were out of the acceptable range for reported age in months (this was true for 31 out of 240 with height measurements, 27 out of 243 with weight measurements). If these children were misrecorded at random, then we would not expect bias to be introduced to the estimates, but imprecision would be increased. We did not find significant differences in having out-of-range height measurements by most of the covariates considered, with the exception of mother's age at birth (positive association), mother's BMI at age 8 (negative association), and the next-generation child being female (negative association).
Fourth, we did not have data on paternal anthropometrics. Some literature suggests that both maternal and paternal body size can contribute to child birthweight and birth length. 11, 21, 28 Most studies found a stronger relationship between maternal anthropometrics with child birthweight, though one study found that paternal and maternal birthweights equally predicted infant birthweights 13 (and another found no relationship between paternal anthropometrics and child birthweight at all 27 ). One study posited that the interaction between the intrauterine environment and maternal genetic composition may moderate the paternal genetic influence. 57 We were not able to examine this paternal-child relationship, as anthropometric data on fathers were not collected in Young Lives.
Other issues for consideration are that we did not have a measure of the SES at the time of conception or birth, because these data were collected only for the time when households were visited by the Young Lives team, when adolescents were 15 and 19 years of age, yet births occurred between these ages. For the same reason, the ages at measurement for cWAZ and HAZ vary widely, which makes comparisons across children subject to variation in the relevance of various controls (e.g., wealth index, rural residence) taken at a given point in time, even though controls for age in months were included. We also note that maternal smoking during pregnancy has been associated with lower birthweight. 18, 58, 59 The prevalence of smoking in the study was very low, with only seven (Peruvian and Vietnamese) adolescent mothers out of the 302 total mothers reporting smoking at age 15. Thus, we did not have sufficient power to examine the relationship between maternal smoking and child anthropometrics. Furthermore, we note that, in Ethiopia, the percentage of adolescents who have become mothers (4.2%) is quite low compared with the three other countries (10.9% in India, 12.0% in Peru, and 6.7% in Vietnam) and compared with estimates from the World Development Indicators, 60 which suggest the adolescent fertility birth rate for girls aged 15-19 was 63.6 per 10,000 in 2013. We speculate that the lower prevalence in adolescent motherhood in the Ethiopian Young Lives sample may be related to recent efforts to end child marriage in Ethiopia, though we did not have sufficient data to test that hypothesis. We also note that Ethiopian girls experience menarche later than Indian, Peruvian, and Vietnamese girls--at 12 years, only 5% of Ethiopian girls experienced menarche, compared with just under half of Indian and Peruvian girls and a fifth of Vietnamese girls.
In addition, it is difficult to assess the extent to which menarcheal timing influenced maternal cHAZ and cBMIZ growth and next-generation anthropometrics. It is known that higher levels of BMIZ before menarche are associated with earlier menarche, which is then associated with an earlier growth spurt 61, 62 for adolescents. Adolescents with early menarche likely have greater-thanexpected HAZ velocity between ages 8 and 12, but perhaps less-than-expected HAZ velocity between the ages of 12 and 15. These girls are also likely to be shorter as adults, as adult height is reached earlier. 63 We found no significant associations for greater-than-expected HAZ growth between ages 8 and 12 but did find associations between greaterthan-expected HAZ growth between ages 12 and 15 and next-generation birthweights, BWZ, and cWAZ. These findings are consistent with the possibility that girls who have later growth spurts, accompanied by greater-than-expected growth from ages 12 to 15, and who are likely to have higher adult height, transmit this greater growth velocity to their children. On the other hand, it could be that both healthy nutrition and growth in childhood optimize timing (i.e., neither exceptionally early nor exceptionally late) of menarche and provide a better environment in utero for development of the nextgeneration child. It is also possible that, during the pregnancy of those adolescents with later pubertal growth spurts, there was competition for nutrients between the mothers and their in utero children. We note that in robustness checks using interactions with early menarche we did not find significant differences in coefficients, suggesting that associations between maternal growth and next-generation child growth were not different for early-versus latedeveloping mothers.
This study offered robust evidence on the persistent associations of growth and other characteristics, such as grandmaternal and maternal schooling, for adolescent mothers across three generations from four LMICs with diverse geographic, ethnic, and socioeconomic contexts. While some proportion of maternal growth propensity may be passed along to next-generation children through genetics, nongenetic factors apparently also play a role, probably through the conditional growth measures in particular, suggesting that interventions even after age 8 years may positively influence outcomes of next-generation children among adolescent mothers in developing countries who, along with their children, are at high risk. Interventions aiming at providing nutritional supplements (e.g., dairy products or relevant micronutrients), improving opportunities for healthy growth and weight gain (e.g., reducing intake of high-sugar beverages and low-nutrition/high-caloric foods), and delaying ages at first pregnancies, in both late childhood and early adolescence, may improve the health of the next generation.
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